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 Investigation of the reaction of chlorine atoms  

with a series of epoxides – Results and discussion 

Epoxide 

 

Structure Reference  

 

Kepoxide/kreference 

 

kepoxide 

(cm3 molecule-1 s-1) 

Cyclohexene Oxide  

 

 

Propylene 

Ethylene 

 

0.803±0.007 

2.394±0.073 

Average 

(2.17±0.24)×10-10 

(2.63±0.72)×10-10 

(2.40±0.76)×10-10 
 

1,2-epoxyhexane 

 

 

 

 Propylene 

Ethylene 

Methacrolein 

0.707±0.022 

1.821±0.042 

0.539±0.006 

Average 

(1.91±0.22)×10-10 

(2.00±0.55)×10-10 

(1.40±0.16) ×10-10 

(1.77±0.61)×10-10 

 

1,2-epoxybutane 

 

 

Propylene 

Ethylene 

 

0.324±0.013 

0.746±0.012 

Average 

(8.65±1.02)×10-11 

(8.21±2.24)×10-11 

 (8.43±2.46)×10-11 

 

trans-2,3-epoxybutane  

 

 

 

Propylene 

Ethylene 

 

0.261±0.053 

0.633±0.009 

Average 

(7.03±0.79)×10-11 

(6.96±1.91)×10-11 

(6.99±2.06)×10-11 

 

cis-2,3-epoxybutane 

 

 
 

Propylene 

Ethylene 

 

0.247±0.007 

0.652±0.009 

Average 

(6.66±0.77)×10-11 

(7.17±1.96)×10-11 

(6.92±2.11)×10-11 
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 Investigation of the reaction of chlorine atoms  

with a series of epoxides – Results and discussion 



  

 

Epoxides Structure kSAR kepoxide 

(cm3 molecule-1 s-1) 

Technique Reference 

Cyclohexene Oxide  

 

 

2.09×10-10a 

2.31×10-10b 

2.08×10-10c 

(2.40±0.76)×10-10 
 

RR-FTIR This work 

Ethylene Oxide  

 

3.10×10-12a 

4.15×10-12b 

7.25×10-10c 

(2.9±0.24)×10-12 

(4.6±0.60)×10-12 

(5.2±0.60)×10-12 

(4.9±0.63)×10-12 

RR(C2H6) 

RR(C2H5Cl) 

RR(CH3OCHO) 

Average 

(Bartels, 

Hoyermann, 

& Lange, 

1989) 

(Ponomarev, 

Hurley, & 

Wallington, 

2002) 

(Ponomarev, 

Hurley, & 

Wallington, 

2002) 

(Calvert, 

Mellouki, 

Orlando, 

Pilling, & 

Wallington, 

2011) 

Propylene Oxide 

 

2.89×10-11a 

2.63×10-11b 

2.62×10-10c 

(3.0±0.70)×10-11 

 

RR-FTIR (Middala, 

Campbell, 

Olea, 

Scruggs, & 

Hasson, 

2011) 

1,2-epoxyhexane 

 

 

1.98×10-10a 

2.12×10-10b 

1.84×10-10c 

(1.77±0.61)×10-10 RR-FTIR This work 

1,2-epoxybutane  

 

9.45×10-11a 

9.75×10-11b 

9.21×10-10c 

(8.43±2.46)×10-11 

 

RR-FTIR This work 

trans-2,3-epoxybutane  

 

 

5.47×10-11a 

4.84×10-11b 

5.25×10-10c 

(6.99±2.06)×10-11 

 

RR-FTIR This work 

cis-2,3-epoxybutane 

 

5.47×10-11a 

4.84×10-11b 

 5.25×10-11c 

(6.92±2.11)×10-11 RR-FTIR This work 



 Investigation of the reaction of chlorine atoms  

with a series of epoxides – Results and discussion 

Ether K 

(10-11 cm3 molecule-1 s-1) 

Epoxide K 

(10-11 cm3 molecule-1s-1) 

CH3OCH3 (13.0 ± 2.0)a 

 

(0.5 ± 0.1)b 

CH3CH2OCH2CH3 (25.0 ± 3.0)a 

 

(6.9 ± 2.1)c 

 

 

 

(8.4 ± 2.4)c 

 

CH3(CH2)2O(CH2)2CH 

 

(36.0 ± 4.0)a 

 

 

(17.7 ± 6.1)c 
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Initial mixing ratios (ppmv) 

Compounds Reactor (1080 l) Reactor (480 l) 

Epoxides 

  
cyclohexene oxide 6 17 

1,2-epoxyhexane  6 28 

1,2-epoxybutane  6 23 

cis-2,3-epoxybutane  3 28 

trans-2,3-epoxybutane  3 23 

 

Reference compounds   

Propylene 4 8 

Butane 4 - 

iso-propyl acetate 1 9 

sec-butyl acetate  1 9 

 Ethylene 4 21 

methyl nitrite (OH radical 
precursor) 8 84 



 Kinetic studies of the OH Reactions with a series of epoxides  

 Results and discussion  
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 Results and discussion  

● ○



  

 

Epoxide Reference 

compound 

kEpoxide/kReference. 

 

kEpoxide 

(cm3 molecule-1 s-1) 

CHO Propylene 

Ethylene 

Isobutene 

  

0.258±0.009 

0.751±0.038 

0.099±0.005 

Average 

 

(6.28±0.66) ×10-12 

(6.40±0.72) ×10-12 

(5.13±0.57) ×10-12 

(5.93±1.13) ×10-12 

EHX Propylene 

Ethylene 

0.259±0.004 

0.612±0.009 

Average 

 

(6.33±0.64) ×10-12 

(5.21±0.53) ×10-12 

(5.77±0.83) ×10-12 

12EB iso-Propyl acetate 

Ethylene 

 

0.406±0.011 

0.286±0.006 

Average 

 

(1.51±0.16) ×10-12 

(2.43±0.25) ×10-12 

(1.98±0.29) ×10-12 

tEB sec-Butyl acetate 

Ethylene 

Propylene 

 

0.398±0.009 

0.190±0.007 

0.064±0.002 

Average 

 

(2.25±0.23) ×10-12 

(1.62±0.17) ×10-12 

(1.56±0.16) ×10-12 

(1.81±0.33) ×10-12 

cEB iso-Propyl acetate 

sec- Butyl acetate 

Butane 

0.518±0.012 

0.142±0.001 

0.745±0.022 

Average 

(1.93±0.20) ×10-12 

(0.80±0.08) ×10-12 

(1.77±0.18) ×10-12 

(1.50±0.28) ×10-12 



Correlation between the rate coefficients of the reaction of epoxides 

With OH radicals and chlorine atoms 
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 Correlation between the rate coefficients of the reaction of epoxides 

with OH radicals and chlorine atoms – Structure activity relationship (SAR) 



  

 



 Correlation between the rate coefficients of the reaction of epoxides 

with OH radicals and chlorine atoms – Structure activity relationship (SAR) 

Epoxide kSAR 

 

kEpoxide/kSAR kEpoxide 

(cm3 molecule-1 s-1) 

Reference 

Cyclohexene Oxide 

 

(a)6.37×10-12 
(b)6.14×10-12 

(c)6.31×10-12 

(d)5.81×10-12 

(e)1.02×10-11 

0.93 

0.97 

0.94 

1.02 

0.58 

(5.93±1.13) ×10-12 

(6.51±0.65) ×10-12 

 

This work 

(El Othmani, Ren, 

Mellouki, et al., 2021) 

Ethylene Oxide 

 

 

 

 

(a)2.80×10-13 

(b)1.89×10-13 

(c)3.54×10-13 

(d)0.77×10-13 

(e)8.85×10-14 

0.31 

0.47 

0.25 

1.14 

0.99 

(0.88±0.25)×10-13 (J. Calvert et al., 2011) 

Propylene Oxide 

 

 

(a)0.59×10-12 

(b)0.46×10-12 

(c)0.67×10-12 

(d)0.28×10-12 

(e)5.43×10-12 

0.83 

1.07 

0.73 

1.75 

0.90 

(0.49±0.52)×10-12 

(0.30±1.00)×10-12 

(0.47±0.24)×10-12 

(Wallington, Liu, et al., 

1988) 

(Middala et al., 2011) 

(Virmani et al., 2020) 

 

 

1,2-epoxyhexane 

 

(a)4.64×10-12 
(b)4.48×10-12 

(c)4.15×10-12 

(d)3.97×10-12 

(e)6.34×10-12 

1.24 

1.29 

1.39 

1.45 

0.91 

(5.77±0.83)×10-12 This work 

 

 

1,2-epoxybutane 

 

(a)1.81×10-12 

(b)1.65×10-12 

(c)1.83×10-12 

(d)1.45×10-12 

(e)2.96×10-12 

1.09 

1.20 

1.08 

1.37 

0.67 

(1.98±0.29) ×10-12 

(1.90±0.67) ×10-12 

(2.20±0.02) ×10-12 

This work 

(Wallington, Dagaut, et 

al., 1988) 

(El Othmani, Ren, 

Bedjanian, et al., 2021) 

trans-2,3-epoxybutane 

 

(a)0.92×10-12 

(b)0.73×10-12 

(c)0.99×10-12 

(d)0.49×10-12 

(e)9.98×10-13 

1.97 

2.48 

1.83 

3.69 

1.81 

(1.81±0.33) ×10-12 This work 

cis-2,3-epoxybutane 

 

(a)0.92×10-12 

(b)0.73×10-12 

(c)0.99×10-12 

(d)0.49×10-12 

(e)9.98×10-13 

1.63 

2.05 

1.52 

3.06 

1.50 

(1.50±0.28) ×10-12 This work 



  

 



Pseudo ethylenic character in the epoxy ring as the main factor  

Affecting SAR estimation  



  

 



Pseudo ethylenic character in the epoxy ring as the main factor  

Affecting SAR estimation  

 Cyclic ether   Alkane/cycloalkane   Acyclic ether  

Ring size Structure kOH1012 † 
C 

Atoms 
Compound kOH1012 † 

C 
atoms 

Compound kOH1012 † 

7 
member 

oxepane 

 

18.01       

6 
member 

oxane 

12.01 7 

  
methylcyclohexane1 

 
 
 

heptane1 

 
 

9.261 

 
 

6.231 

 

   

5 
member 

oxolane 

 

17.01 6 
2,3-dimethylbutane 

Hexane 

5,861 

4.971 6 
di-n-propyl ether 

 
20.01 

 

4 
member 

oxetane 

 

10.31 

 
5 

2-methylbutane 
pentane 

 

3.741 

3.761 
 

5 
methyl-s-butyl-

ether 9.671 

3 member 

       
CHO 

 
EHX 

 

 
12EB 

 
tEB 

 
cEB 

 
oxirane  

 
 

     
 

5.93 
 
 
 
 

5.77 
 
 
     

1.98 
 

   
 
 

1.81 
 
 
 

1.50 
 
 
 

0,09 

4 Butane 2.381 4 1-metoxypropane 9.911 



  

 



Pseudo ethylenic character in the epoxy ring as the main factor  

Affecting SAR estimation – Improving SAR estimation for epoxides  



  

 



Atmospheric implications  

  



  

 

Epoxides OH 

(days) 

Cl 

(days) 

cyclohexene oxide 

1,2-epoxyhexane 

1,2- epoxybutane 

trans-2,3-epoxybutane 

cis-2,3-epoxybutane 

1.7 

1.8 

5.1 

5.7 

6.8 

20.9* 

28.4* 

59.7* 

71.9* 

72.7* 

∗
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Outdoor simulation chamber (HELIOS) 90 m3 (ICARIE-ORLEANS) 
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